A study is presented of the histological structure and growth rate of the growth plate at the distal end of the femur in normal children. From a comparison of quantitative histological information from postmortem specimens with measurements on serial radiographs it is estimated that the distal growth plate contributes about 66% of the total longitudinal growth of the bone. The marked differences between rodent and man indicate that caution is required in extrapolating data from these animals to man.
Summary
A study is presented of the histological structure and growth rate of the growth plate at the distal end of the femur in normal children. From a comparison of quantitative histological information from postmortem specimens with measurements on serial radiographs it is estimated that the distal growth plate contributes about 66% of the total longitudinal growth of the bone. The marked differences between rodent and man indicate that caution is required in extrapolating data from these animals to man.
RECENT years have seen considerable advances in our understanding of the relationship between the histological structure of the epiphyseal cartilage growth plate, the rates of division of the cartilage cells and the overall growth rates of the plates and the bones concerned. Virtually all this work has been done on small laboratory animals, and comparable human information is very scanty apart from papers by Haines and Mohiuddin (1959) and Haines (1975) .
Recently, a study was made of the kinetics of longitudinal bone growth in man, the results being summarized in the present paper (Table 1) . For a more detailed account of the findings, see Kember and Sissons (1976) . Two types of information were necessary: (i) histological preparations of normal human epiphyseal plates at various stages of growth; (ii) the observed growth rates of those parts of individual bones where these growth plates are situated.
In the absence of material labelled with tritiated thymidine, as used in animal studies (Kember, 1972) , histological preparations were used of the distal growth plate from the femora of a number of normal growing children. Serial radiographs of children's knees during the growth period, taken as part of Professor J. M. Tanner's Harpenden Growth Study at the Institute of Child Health (Tanner, Whitehouse and Takaishi, 1966) were also examined and used to measure the rate of longitudinal bone growth.
In laboratory animals, radio-opaque metal markers or tetracycline labelling of bone provide suitable reference points for measuring longitudinal bone growth. In the radiographs of children's knees Harris's transverse lines of arrested growth were used (Harris, 1933) , being present in about 25%Y of the films examined. These lines are transverse condensations of bone trabeculae formed when the cartilage plate is in a given situation relative to the shaft of the bone; they can persist for many years and form a convenient radiographic landmark from which to measure the distance of the distal growth plate of the femur, and thus the longitudinal growth rate of this structure.
From the measurements made, the age-specific growth rates for the distal femur alone are plotted for boys ( Fig. 1 ) and for girls (Fig. 2) (Fig. 4) progressive bony replacement; and eventually only small residual islets of cartilage to indicate its former site. By contrast, the rat's growth cartilage persists, but is inactive.
Cell kinetics of the growth plate
In quantitative histological studies of the cartilage cell columns certain parameters were measured: (a) the total thickness of the growth plate; (b) the thickness of the inert and columnar zones; (c) the maximum height of the proliferating, mature and hypertrophic cells in the columns. There is some difficulty in defining precisely in man the regions of these several types of cells in the columns. In experimental animals, e.g. the rabbit, this can be readily done by means of injections of tritiated thymidine which at mitosis mark selectively the dividing cells. Extrapolating from previous work in the rabbit, whose cartilage cell columns contain approximately the same number of cells as the growing child, similar proportions of cells were assumed, i.e. of the non-hypertrophic cells 50%/ were proliferating and 50VO maturing. 
Conclusions
The marked differences between the cell kinetics and growth rate of the epiphyseal plate in children and small laboratory animals, such as the rat, must be emphasized.
(1) In the rat, the growth rate is very much faster-250 sum/day compared with 35 ,um/day in man.
(2) The number of cartilage cells produced daily is much greater in the rat, although they are of rather similar size to those of man.
(3) The prolonged continuation of human growth-14 to 15 years-is responsible for the much greater length of the human femur.
(4) The estimated life span and inter-mitotic period of the proliferating cells are much longer in man than in small laboratory animals.
The assumptions made above in applying rabbit data for the proportion of proliferating and maturing cartilage cells in the human growth plate columns require direct confirmation in human material by similar labelling techniques, and suitable fresh tissue from amputation specimens is urgently required.
